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The study

• Used circulating proton beam
– Closed orbit data with 64 turns averaging.
– Typically 8 different bump sizes per location.

• All the way around the ring,
– except where LEP correctors were used.
– Data taken with skew quads at nominal setting.

• Data quality
– Roughly 70% of data were good.

 Anomalous orbit motion at ~20 µm level.
 Corrupted data due to time line changes.
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3-bump orbit analysis

• I90
– Polynomial fit of position data w.r.t. the first kick.
– Output 1st, 2nd, or 3rd order coefficient to R39 BPM

file.
• R49, using "Magnet Move" option

– Read in orbit from R39 BPM file.
– Disable all quad/gradient magnets except within the

3–bump region.
– Send data to MICADO for fitting

 tecker.fnal.gov
– Look for sign of BPM coupling.

• Calculate the equivalent rolled angle for coupling
– Interpretation of fitted kick amplitudes.
– Sort data for plotting
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H402:3 bump analysis result

• First order
– coupling

 equivalent to roll Q402B by 4 degrees.

• Second order
– Horizontal plane, (bump leakage)

 H400 is likely the source.
 No evidence of sextupole content.

– Vertical plane
 Major kick source at Q402B
 Implies existence of skew sextupole
 Likely from LAM402.
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State of analysis

• First order orbit analysis
– Completed 1st pass

 Coupling locations found.
 Rolled Trim dipoles.
 Rolled BPMs.

• 2nd & 3rd order orbit analysis
– skew sextupole.
– Octupoles.
– skew Octupoles.

• Trim calibration
– Bump closure analysis.

• The result not exhaustive
– Available data does not cover the entire ring.
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H402 closed 3-bump orbits

H400 at -1.5 from nominal 

H400 at -0.5 from nominal 

H400 at +0.5 from nominal 

H400 at +1.5 from nominal H402:3 bump horizontal orbit 

H402:3 bump vertical orbit 
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Signs of anomalous orbit kicks

H332:3 bump closure is poor. 

Kick sources found by MICADO
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What we get with closed 3-bump data

Using H402:3 bump as an example

2

1 5

4

3
Vertical kick sources implies:
Location 1 & 5:
 Rolled trim dipoles

Location 3: 
 Skew quad
 Rolled trim dipole

Excess vertical BPM position  
readings
Location 2 & 4

 Rolled BPMs.
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H402 3-bump 1st order, vertical

Most likely the skew quad
field in LAM402

Likely a rolled H404
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Turning R49 fit results into roll angles
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R49 fit result example
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Simulation of skew quad field in LAM402

Skew quad strength used in simulation

H402:3 bump:
1st order
vertical orbit,
data & simulation

Differences,
data & simulation
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H402:3 bump, 2nd order horizontal

Non-linearity from H400
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H402:3 bump, 2nd order vertical

Likely the skew sextuple
field in LAM402
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Rolled quads, Horizontal 3-bump data

SQ408/410
at nominal 
settings

LAM402

LAM214

???

Horz positive is to the outside
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Rolled quads, Vertical 3-bump data

LAM214

SQ408/410

G409B is of opposite sign
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Rolled horizontal trims
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Rolled vertical trims
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Rolled horizontal BPMs
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Rolled vertical BPMs
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Measured roll of horizontal BPMs, by Cons
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Measured roll of vertical BPMs, by Cons
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V609:3 closure example

We have the 3-bump data
for most of the locations for
closure analysis.

Based on the trim readings

Set V611 to -5.137 (from -4.537)


